The nonocomposites on the base of long (5-10 µm, o-MWCNTs) and short (2 µm, m-MWCNTs) multi-walled carbon nanotubes (MWCNTs) hosted by nematic 5CB were investigated in details by means of polarizing microscopy, studies of electrical conductivity and electro-optical behaviour. The spontaneous self-organization of MWCNTs was observed and investigated both theoretically and experimentally. The efficiency of MWCNT aggregation in these composites is controlled by strong, long ranged and highly anisotropic van der Waals interactions, Brownian motion of individual nanotubes and their aggregates. The simple Smoluchowski approach was used for estimation of the half-time of aggregation. It was shown that aggregation process includes two different stages: fast, resulting in formation of loose aggregates (L-aggregates) and slow, resulting in formation of compacted aggregates (C-aggregates). Both L-and C-aggregates possess extremely ramified fractal borders. Formation of the percolation structures was observed for o-MWCNTs at C = Cp ≈ 0.0025-0.05 % wt and for m-MWCNTs at C = Cp ≈ 0.005-0.25 % wt. A physical model describing formation of C-aggregates with captured 5CB molecules inside was proposed. It shows good agreement with experimentally measured characteristics. It was shown that MWCNTs strongly affect the structural organization of LC molecules captured inside the MWCNT skeleton and of interfacial LC layers in the vicinity of aggregate borders. Moreover, the structure of the interfacial layer, as well as its birefringence, drastically changed when the applied electric voltage exceeded the Freedericksz threshold. Finally, formation of the inversion walls between branches of the neighbouring MWCNT aggregates was observed and discussed for the first time.
I. INTRODUCTION AND MOTIVATION OF THE PROBLEM
Complex light is an essential chapter of the modern optics. It is especially actual for the light fields containing optical singularities and special topological structures. Nanoscience and nanotechnology are the hot spots now. Many promising composites on the base of nanoparticles incorporated into continuous macro host were recently proposed. The classical examples are colloidal dispersions of nanoparticles in liquid crystals (LC) [1, 2] . Typically, concentration of nanofiller in a LC host is rather small, which allows preserving the principal properties of the host [3] . However, in many cases self-organisation of nanofiller inside LC host provokes appearance of unusual nanostructures with essentially new and nontrivial properties. Note that perturbation of uniaxial nematic LC may result in birth of additional topological structures
The interesting data on the optical, electrophysical, and thermodynamic properties of nematic 5CB filled with MWCNTs were already reported [6] [7] [8] . Irreversible self-organisation of MWCNTs results in formation of fractal aggregates [9] with extremely ramified fractal borders [6, 7] . An individual aggregate consists of MWCNT skeleton with captured 5CB molecules inside. Moreover, each aggregate perturbs the micron-sized interfacial LC layers producing the random director orientations in the vicinity of the aggregate. The hexagon dimensions in 5CB molecule match excellently the hexagon structure of MWCNT [2] and theory [10] predicts that 5CB molecules can be extra strongly anchored to the side walls of nanotubes. The energy of interaction between 5CB and surface of nanotubes is of the order of -2eV that is two orders of magnitude higher than the thermal energy kT .
Such strong interactions may define unique optical and other physical characteristics of the 5CB + MWCNT composite called legally "scientific duo" [2] . Moreover, self-organisation and aggregation of the particles with highly anisotropic shape in anisotropic fluids is still far from full understanding and requires thorough theoretical and fundamental studies [11] .
The main aim of the present investigations was the study of aggregation, electrical conductivity and electrooptical effects in 5CB filled by MWCNTs. The work discusses effects of spontaneous self-aggregation and percolation, theoretical model of fractal aggregation, capturing of LC molecules inside MWCNT skeleton and interfacial LC layers in the vicinity of aggregates, electrooptical data and electric field induced formation of inversion walls.
II. MATERIALS AND EXPERIMENTAL TECHNIQUES
A. Liquid crystal 5CB (4-pentyl-4'-cyanobiphenyl) was used as a nematic host. It was obtained from Chemical Reagents Plant, Kharkov, Ukraine. The pure 5CB demonstrates the presence of a weakly first order isotropic to nematic transition at T ni ≈ 308 − 309 K and a strongly first order nematic to crystal transition at T cn = 295.5 K.
B. Multiwalled carbon nanotubes
The MWCNT preparation procedure is described in detail in [6] . It is known that all the properties of carbon nanotubes depend strongly on their aspect ratio [1, 2] . Two types of powdered MWCNTs were investigated: (i) "long" o-MWCNTs with 5÷10µm length (ii) and "short" m-MWCNTs with ≈ 2µm length obtained by careful grinding of long MWCNTs in a mill. The MWCNT aspect ratio was ≈ 500 and ≈ 200 for long and short CNTs, respectively.
C. Preparation of MWCNT+5CB composites
Before sonication, MWCNTs form dense blocks sized up to 50 µm, which consist of nanotube bundles (tangles) [6] . Their mixture with chemically pure 5CB was ultrasonicated (20 min) carefully up using a UZDN-2T ultrasonic disperser to the apparently homogeneous state.
D. Sandwich-type LC cells
This mixture of 5CB + MWCNT was introduced into a sandwich-type LC cell with 20 µm thicknesses [5] called sometimes "the flat capillary" [12] . Polyimide alignment layers were unidirectional rubbed for arrangement of the planar 5CB host texture [3] . The transverse electric field could be applied to LC cell for investigation of electrooptical effects including the Freedericksz transition of the composite to the homeotropic orientation of 5CB host.
E. Optical investigations
Optical structures of nanocomposites were investigated and documented by modern optical polarization microscope Olympus BX51 with colour high-resolution CCD camera and computer controlled oven [13] . It allowed us to investigate the structure of 5CB + MWCNT composites in crystal, LC and isotropic liquid phases. The combined microscope objectives had prolonged focal length. Their precise movement along the microscope axis (∆z = 1µm) allowed study of the optical polarization structures, including topological structures around and between the aggregates of nanocomposites inside the LC cell in various cross-sections [4] [5] [6] [7] . The scattering of propagating laser beams was investigated using a separate setup equipped by a He-Ne laser generating the lower transverse mode, i. e. Gaussian beams.
F. Electrical conductivity measurements
The electrical conductivity measurements were done by Instek 819 under the external voltage of 0.2 V and frequency of 10 kHz applied to unaligned samples in a thick cell (≈ 0.5 mm) in the temperature range of 293-350 K (at 2 K/min scanning rate both for heating and cooling). Each measurement was repeated, at least, 3 times for calculation of the mean values of experimental data.
III. RESULTS AND DISCUSSIONS
A. Spontaneous self-aggregation and percolation threshold
Freshly prepared 5CB+MWCNT composites undergo complicated incubation processes comprehensively investigated recently by a set of physical methods [6, 14] . The initial sonication resulted in homogeneous dispersing of MWCNTs; however, after short period of time a large quantity of spatially distributed aggregates were formed. The transformation of homogeneous distribution of MWCNTs into the segregated state is believed to occur owing to the aggregation between different nanotubes. The efficiency of aggregation is controlled by (i) strong and highly anisotropic van der Waals interactions [1, 2] and (ii) Brownian diffusion of individual nanotubes.
The simple Smoluchowski approach was applied to estimation of the half-time of aggregation. In this approach, the MWCNTs were modelled by cylindrical par-ticles with huge aspect ratio r = l/d(r >> 1), where l is the length and d is diameter of MWCNT. Under assumption that cylindrical particles can aggregate when the distance between them is of the order of their length l, the half-time of aggregation θ can be estimated as
where D is the diffusion coefficient and n is the numerical concentration of the particles. These values can be estimated as
and
respectively, where kT is the thermal energy, η is viscosity, ρ/ρ is the ratio of densities of 5CB and MWCNTs (ρ/ρ ≈ 0.5), C is the mass fraction of MWCNTs in 5CB, and V c = πd 3 r/4 is the volume of a single MWCNT. Finally, the following relation can be obtained:
Taking into account that η ≈ 0.1Pa.s (viscosity of 5CB), d =20 nm, r=500, =300 K (temperature), we obtain θ ≈ 180 s at C = 0.01 % wt and θ ≈ 18 s at C = 0.1 % wt. The decrease of σ/σo in a sample incubated at T=345 during its cooling to 310K reflects the temperature effect on σ.
The detailed investigations have shown that the structure of nanocomposites and their physical characteristics attain stable values only after several hours or days after sonication. It can be explained by existence of the mechanism causing compacting of the ramified, or loose, aggregates (L-aggregates) formed in the "fresh" suspension into the more compacted aggregates (C-aggregate) formed in thermally incubated composite samples. These structural changes were confirmed by the presence of changes in electrical conductivity, which evidently reflects changes in the microstructure of samples during the transformation of L-aggregates to C-aggregates (Fig.1) . The relative conductivity σ/σ o (σ o is the initial conductivity of the system after sonication) increased with time, however, the observed effects were more pronounced at high temperatures. The several (5-7) day incubation at room temperature resulted in stabilization of microstructure, optical and electrical conductivity characteristics, and our experimental data presented below were obtained just for such stable samples. Note that formation of C-aggregates with irregular ramified borders [10] was visually observed by optical microscopy investigations even at rather low concentrations of MWCNTs ( 0.01-0.1 % wt). Such behaviour was observed both for "long" (o-MWCNTs) and "short" (m-MWCNTs) nanotubes (Fig.2) . In both cases, the structural transformations were similar: from small islands (Fig.2a, c ) up to the percolation structure with neighbouring clusters touching each other as their dimensions increase with concentration of nanotubes (Fig.2b,  d ).
The cluster transverse dimensions start from few microns. Their system expands over the whole LC cell when percolation structure is reached. At this moment, the nematic 5CB host is broken into a system of isolated "lakes" in 2D and sinuous "channels" in 3D. Moreover, formation of the percolation structure is accompanied by a drastic increase of electrical conductivity by 1-2 orders of magnitude [4, 6, and 10] . It was observed that unmodified nanotubes (o-MWCNTs) were forming the percolation networks at C = C p ≈ 0.025 − 0.05 % wt., whereas the modified nanotubes (m-MWCNTs) were forming the percolation networks at C = C p ≈ 0.25% wt. So, the percolation threshold concentration was 5-10 time higher for m-MWNTs than for o-MWNTs. Extremely small percolation threshold concentrations are rather typical for such composites and can be explained by the high aspect ratio (r ≈100-1000) of MWCNTs. Increase of the percolation threshold for modified nanotubes (m-MWCNTs) (C = C p ≈ 0.1−0.25% wt.) possibly reflected the shorter length and smaller aspect ratio r of the modified nanotubes.
B. Theoretical model of fractal aggregation of MWCNTs in the nematic LC matrix: formation of L-aggregates
The above-described formation of nanotube aggregates in the nematic LC matrix can be better understood using the following theoretical model. The MWCNTs of L-aggregates can be considered as linear elements forming a compact skeleton of a certain regular surface that bounds a certain confined space. We determine the volume encompassed by the skeleton considering only one characteristic spatial dimension of MWCNT-its linear length l , which is fully justified if the aspect ratio r >> 1 (r = l/d, where d is the characteristic lateral dimension (diameter of MWCNT).
From geometrical similarity considerations, the volume of a cluster with characteristic linear dimension l can be presented as
where A cl is a constant depending on the cluster geometry (e.g., A cl = 1 for cubic spatial structure, A cl = √ 2/12 for spatial structure formed by tetrahedrons, etc.). Similarly, the total volume of the nanotubes comprising the skeleton is V nt (l) = lB nt g(d), where B nt is another constant. The value of B nt depends upon cluster geometry accounting for the number of nanotube edges comprising one cell of the skeleton. Function g(...) determines the volume of a single nanotube in the cluster as a function of its characteristic cross-section area. The form of g(...) in the case of a regular skeleton depends upon geometry of isolated nanotubes accounting for the bends, fractures, deviations from cylindrical shape, scatter of lateral dimensions, etc. In the case of fractal geometry, g(...) should "feel" how the nanotubes are connected and should depend on the fractal "coastline" picture in the direction normal to their predominant orientation. In a general case
where d f is the fractal dimension of the cluster and for regular geometry d f = 2. For regular skeleton geometry, the total volume of nanotubes in the skeleton is
If nanotubes are cylindrical,
in terms of the nanotube length and aspect ratio. It can be verified that B nt = 3π/2 for tetrahedral skeleton cells; B nt = 3π for cubic cells, etc... Thus, the volume ratio of the cluster and the regular skeleton (i.e., the ratio of the volume encompassed by the nanotube skeleton and the total volume of the nanotubes involved) is
With increase of aspect ratio r (i.e., when nanotubes become longer or thinner), W a grows rapidly, while the volume with nematic molecules "captured" by the nanotube skeleton (the volume of the "coat") increases much slower (not faster than linearly). The coefficient A depends on the specific skeleton geometry, and its value can vary within 10 −1 > A > 10 −2 ( = 1/3π ≈ 0.1 for cubic cells, ≈ 0.025 for tetrahedral cells).
Thus, W a is the ratio of the L-aggregate volume (i.e., the volume of a loose skeleton formed by the nanotubes together with "captured" molecules of the dispersion medium (nematic LC) both "inside" the skeleton and in the nearest coordination layers) to the total volume of nanotubes comprising the skeleton. If C = V nt /V is the volume fraction (or mass fraction if the difference between the densities of the dispersion medium and nanotubes can be neglected) of nanotubes that were introduced into the matrix, the value of C a = cW a can be considered as effective volume concentration of L-aggregates in the matrix (solvent, dispersion medium).
In the case of fractal geometry, both the surface of the skeleton formed by the nanotubes and the outer surface of L-aggregate formed by the aggregated nanotubes and captured molecules of dispersion phase will be of fractal character. Accounting for the fact that L-aggregates are formed in orientationally ordered matrix by orientationally ordered nanotubes, it is reasonable to expect that these aggregates should be essentially oblate (flattened). It leads us to a heuristic formula
Correspondingly, the effective concentration of aggregates in the LC+MWCNT dispersion is
Thus, the effective concentration of L-aggregates at a given initial concentration of nanotubes appears to be a universal function of the aspect ratio, which is rather attractive. The proportionality coefficient depends on specific geometry of the nanotubes and the fractal skeleton structure formed by them; it can be considered as constant for a given type of the nanotube dispersions. As it was noted above, its value can be taken as falling within 0.025 -0.1.
This formula accounts at semi-empirical level for all main factors affecting aggregation of the nanotubes: the initial concentration of nanotubes C, their aspect ratio r, geometry of cluster formation A and fractal dimensionality of the formed aggregates d f . This formula can be easily verified experimentally. Thus, for two different MWCNT+LC dispersions prepared and studied under the same conditions but differing by certain parameters (e.g., aspect ratio r and/or nanotube concentration C), the other measured characteristics should be related by equation (2) . Preliminary verification can done using data from [13] . In this paper, Fig.3 shows values for three concentrations of the nanotubes (generally speaking, for three specific cases of L-aggregate formation). According to (1.3), at r = 100 and A = 0.1, we obtain for C = 0.1 % and d f = 1.81 the value of W a = 417, i.e., the total volume of the formed L-aggregates with fractal dimensionality 1.81 will make C a = 41.7 % from to total volume of the system (the remaining 58.3 % is the volume occupied by orientationally ordered nematic molecules that remained "free", i.e., not captured by the aggregates). Accordingly, we get C a = 12 % for C = 0.01 % and d f = 1.54. This is in a semi-quantitative agreement with results of microscopic observations: the aggregates are relatively few and visually occupy ≈ 10 % of the visible area in dispersions with 0.01 % of MWCNTs, while in dispersions with 0.1 % of MWCNTs there is much more aggregates, their size is larger, and they occupy about one half of the visible area. A similar effect is experimentally observed when we do not increase concentration of the MWCNT, but changes occur with time in a freshly dispersed sample (incubation phenomena). After several hours the fraction of area occupied by the aggregates substantially increases ([13], Fig.6 ).
Behavior of 5CB molecules inside the aggregates and in the interfacial layers has features in common with the properties of nematic molecules inside micropores, which is also a challenging problem [19] . In this case, essential differences are also noted in molecular mobility and physical properties of the "bulk" and interfacially ordered portions of the nematic.
C. Capturing of LC molecules inside skeleton and interfacial LC layers in the vicinity of aggregates
Analysis of the obtained data allows us to assume that formed aggregates consist of a nanotube skeleton and a large number of small 5CB molecules (sized 1.5.2.3 nm) captured inside this skeleton. It reflects the effect of extra-strong anchoring of 5CB to the side walls of MWCNTs. As a result, the average orientation of 5CB molecules (nematic director) near the MWCNTs layers is perturbed due to random orientation of the nanotube axes with respect to the regular planar orientation of molecules in the 5CB host. Due to the strong interaction between the MWCNTs and neighbouring 5CB molecules, there appears a complex interfacial layer of LC molecules near the surface of aggregates. As a result, the MWCNT aggregates appear to be encapsulated by such interfacial layers.
These layers with strongly perturbed LC directors are anchored to the extremely ramified border of aggregate and extend to the bulk 5CB with unperturbed orientation of director. Formation of the interfacial layers leads to new optical properties of 5CB + MWCNT composites, resulting in creation of a new type of the complex light. Indeed, one of the fundamental properties of LCs is existence of elastic forces, which tend to orient the neighbouring molecules in parallel to director [3] . These forces are expected to be especially strong in the investigated composites due to extra large energy of 5CB molecule anchoring to the nanotube. It was shown that anchored 5CB molecules mostly retain their positions in any phase, including isotropic liquid [4] . Quite different is the structure of the outer part of the interfacial layer, which smoothly transfers into the structure of the unperturbed 5CB host and possesses microscale dimensions.
Strong elastic forces in the interfacial layers initiate development of heterogeneous LC structures both along the aggregate borders and in the transverse direction. This, in turn, induces random local birefringence in the interfacial layer, which manifests itself as bright spots on the dark background of unperturbed 5CB in the microscopic image of the aggregated composite observed through analyzer crossed to polarizer oriented along alignment layers of the LC cell host (Fig.3a) . It was previously demonstrated that propagating laser beam gets scattered or diffracted on the interfacial layers, thus acquiring specklelike structure full of optical vortices [4, 10] . Note that direct microscopic observations using high-quality polarization microscope [12] have confirmed existence of the microscale interfacial layers and have shown that mean thickness of such interfacial layers in 0.0025 wt % composite was 1 µm [4] . Note that the size of 5CB molecules is only 1.5-2.3 nm, so, the interfacial layers may include thousands of monomolecular 5CB layers.
D. Electrooptical investigation of interfacial LC layers in the vicinity of aggregates
The interesting responses of electrophysical properties to the transverse external electric field applied to a sandwich-type LC cell of thickness d were already observed [3 -6] . The 5CB molecules are anchored strongly to the side walls of nanotubes and can retain their position upon application of the electric field. The birefringent structure of composites observed between the crossed polarizer and analyzer shows that the structure of the interfacial layer, as well as its birefringence, drastically changes when the applied voltage U approaches the Freedericksz transition threshold (Fig.3) . New isolated bright spots appear at U = 2V when reorientation of 5CB molecules to the homeotropic alignment begins (compare Fig.3a and Fig.3b) . The mean thickness of interfacial layers in 0.0025 wt % composite increases from 1 µm up to ≈ 4.5µm when nematic structure of 5CB undergoes the Freedericksz transition from planar to homeotropic orientation under the applied transverse electric field ≈ 2.5 V [4] . Above the Freedericksz threshold, a large portion of 5CB molecules in the interfacial layers turn from initial planar to homeotropic orientation, and the average thickness of the interfacial layer increases (Fig.2c , at U =4 V) and reaches its maximal value at U = 4.5 V (Fig.3d) .
However, the further electric field increase up to U ≈ 6 V decreases the layer thickness to ≈ 2µm [4] . Further increase of the applied field decreases the interfacial layer thickness because most of 5CB molecules on the outer border of the interfacial layer also re-orient to homeotropic arrangement. As a result, the visible thickness of the interfacial layers around the aggregates diminishes [4] . Note that detailed investigations have shown the presence of quite different responses to the applied field in the inner "lakes" and at the outer borders of MWCNT clusters. These differences may be explained by different degree of LC structure perturbation. The interfacial layers at the outer borders are less perturbed and there exist smooth transition from interfacial zone to unperturbed homeotropic state of 5CB.
E. Electric field induced formation of inversion walls (IW) between branches of MWCNT aggregates
Application of electric fields with voltage exceeding the Freedericksz transition provokes also formation of singular "channels" in the LC space between MWCNT aggregates. Figure 4 compares the microscopic images of the composite samples at U = 0 V (a, b) and at U = 3.5 V (c, d). The field-induced linear topological structures resemble those known as inversion walls, IWs [3, [16] [17] [18] [19] [20] . The IWs were first observed in a pure LC under the transverse magnetic field [3] . They were obtained later by laser irradiation of nematics in cells with small pre-tilt [20] . As in the previously mentioned cases, in our experiments the IWs were presented by three stripes, one bright central and two dark lateral ones, which were observed between parallel polarizer and analyzer: (Fig.4c, d ). Intensity distribution in IWs (Fig.5a ) confirms that LC molecules of the central stripe remain mainly planaroriented, unlike the auxiliary dark stripes with mainly homeotropic orientation of the director, which is in full accordance with the previously reported model (Fig.5b) . Same as for IWs induced by magnetic fields in pure LC [3] , the total width of IW diminishes with increase of the applied field (Fig.6 ). It can be speculated that spontaneous birth of IWs between aggregates of MWCNTs is initiated by the electric field-induced changes inside elastically strained overlapped interfacial layers formed between different aggregates. Formation of such IWs minimizes the internal stress in 5CB gaps between MWCNT aggregates. The formation of IWs reflects selforganisation in LC media that required free energy minimisation.
It was reported that IWs were produced on irregular borders of nematic layer in a LC cell [16, 19] . Evi- dently, the observed IWs were provoked by irregular fractal borders of MWCNT aggregates. Moreover, the IWs appeared only between some branches of the aggregates (Fig. 3) . It seems reasonable to suggest that IWs appear between branches that induce splay and bend distortions of opposite sign (See [18] , Fig.5c ). Figure 6 presents the full band width at half maximum ζ of IW versus the applied field voltage U . The value of ζ was maximal at U = U th ≈ 2.5 V and was decreasing with decrease of U . Typically, no noticeable dependence of ζ upon the distance between different branches was observed. Very elucidative is the transient evolution of the IW structure when the electric field is turned off (Fig.7a-d) .
As an example, in Fig. 7b (2s after turning electric field  off) , the left end of the "channel" splits in two different walls that move to the neighboring MWCNT branches. In Fig. 7c (5s after turning electric field off) , IW has the form of a closed loop; the similar structure of IW was observed for pure LC under external magnetic field [3] . Finally, the system relaxes to the initial state in 7s after electric field is turned off. The observed effects were completely reproducible when the electric field was repeatedly turned on and turned off. This demonstrates that all the elastic strengths involved into formation of IWs obey the Hook law.
Finally, we noticed that formation of such IWs is related with some kind of self-organization minimizing elastic perturbations introduced by the nanotubes and the effects of IW formation and evolution in a LC composite system containing the nanotubes deserve more detailed consideration in future, both from experimental and theoretical points of view.
IV. CONCLUDING REMARKS
The main task of our investigations was to study the influence of carbon nanotubes on the micro and macro physical properties of their LC nanocomposites. Many properties of 5CB + MWCNT composites were thor-oughly investigated by electrophysical methods. The major findings may be formulated as follows:
1. Spontaneous self-organization of the nanotubes producing the microscale aggregates in initially homogeneous dispersion was observed and investigated both theoretically and experimentally. The efficiency of aggregation is controlled by strong, long ranged and highly anisotropic van der Waals interactions and the Brownian diffusion of individual nanotubes. The simple Smoluchowski approach was used for estimation of the halftime of aggregation; it was shown that the process of aggregation includes the fast stage resulting in formation of loosed aggregates (L-aggregates) and the slow stage yielding compacted aggregates (C-aggregate). The aggregates have ramified fractal borders; formation of the percolation structures was observed at C = C p ≈ 0.025 − 0.05 % wt for unmodified nanotubes (o-MWCNTs) and at C = C p ≈ 0.1 − 0.25% wt. for the modified nanotubes (m-MWCNTs).
2. The proposed theoretical model of L-aggregation is in good agreement with the experimental results. The microscale interfacial layer of host 5CB molecules substantially affects the optical and conductivity characteristics of the composites. Such layer is extremely heterogeneous both along the fractal borders and in cross-section. The inner borders of the layer are fixed to the side walls of individual nanotubes due to extra strong anchoring, in contrary to the outer borders, where orientation of director approaches smoothly its orientation in the unperturbed 5CB host.
3. Transverse electrical field application to a sandwichtype LC cell homeotropically orients the 5CB molecules, which leads to increase of elastic strengths in the interfacial layer, its thickness and induced birefringence. The inversion wall topological structures were observed for the first time in LC+CNT composites at threshold values of the applied field in the vicinity of Freedericksz transition. Cross-section structure of the inversion walls and their thinning with electrical field increase were the same as those observed earlier in pure nematic. The inversion walls were appearing between branches of some neighbouring MWCNT aggregates. Full relaxation of inversion walls was observed when the composite structure returned to its initial state after switching off the applied field. It witnesses that all the elastic strength changes obey the Hook law.
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